Background: Distal quadriceps tendon tears are uncommon injuries that typically occur in patients older than 40 years of age, and they have a guarded prognosis. Predisposing factors, prodromal findings, mechanisms of injury, treatment guidelines, and recovery expectations are not well described in high-level athletes.
Results: Eccentric contraction of the quadriceps was the most common mechanism of injury, occurring in 10 players. Only 1 player had antecedent ipsilateral extensor mechanism symptoms. Eleven players had a complete rupture of the quadriceps tendon, and 3 had partial tears. There were no associated knee injuries. All ruptures were treated with surgical repair, 1 of which was delayed after failure of nonoperative treatment. Fifty percent of players returned to play in regular-season NFL games. There was a trend toward earlier draft status for those who returned to play compared with those who did not (draft round, 3.1 6 2.5 vs 6.0 6 2.9, respectively; P = .073). For those who returned to play, the average number of games after injury was 40.9 (range, .
Conclusion: Quadriceps tendon tears are rare in professional American football players, and they usually occur from eccentric load on the extensor mechanism. Prodromal symptoms and predisposing factors are usually absent. Even with timely surgical repair, there is a low rate of return to play in regular-season games. There is a trend toward early draft rounds for those who successfully return to play. Keywords: quadriceps tendon; rupture; football; extensor mechanism Distal quadriceps tendon tears are relatively rare injuries that have traditionally been described in people older than 40 years of age. 16, 20 The most common mechanism of injury is eccentric overload of the extensor mechanism, with the foot planted and the knee semiflexed. 16 Ruptures often occur through a pathological area of the tendon. 8, 9 Predisposing factors include the use of certain medications as well as a variety of underlying systemic medical conditions. Medications that predispose to quadriceps tendon tears include anabolic steroids, statins, locally injected corticosteroids, and prolonged use of systemic corticosteroids. 5, 6, 11 Fluoroquinolones and androstenediol supplements have also been associated with ruptures in tendons other than the quadriceps. 1, 4 Systemic diseases that can predispose to quadriceps tendon ruptures include renal disease, diabetes mellitus, hyperparathyroidism, rheumatoid arthritis, systemic lupus erythematosus, gout, obesity, and infection. 2, 10, 12 A predilection for ruptures in the male sex has been described, although the reason for this is not fully understood. 13 There is a small number of case reports and series describing quadriceps tendon ruptures in athletes. There is only 1 previous report of a distal quadriceps tendon rupture in a professional athlete: a professional basketball player who returned to play after surgical repair of a partial tear. 9 Gamradt et al 7 reported on the nonoperative treatment of proximal rectus femoris avulsion tears in 11 players in the National Football League (NFL), all of whom successfully returned to play. We report a series of 14 distal quadriceps tendon tears in professional American football players. This study was undertaken to evaluate the risk factors, mechanism of injury, treatment, and outcome of this injury in elite athletes.
MATERIALS AND METHODS
Surveys were created and sent to team physicians representing all 32 teams of the NFL. Surveys were structured in a way to obtain information about player demographics, pre-existing symptoms, prior treatments, mechanisms of injury, examination findings, imaging findings, surgical techniques, postoperative course, and return to play. The time period for the injury was limited from 1994 through 2004. Data from the questionnaires were tabulated and analyzed to identify predisposing characteristics, surgical trends, and expectations for returning to play. The number of games played before the injury and draft status data were gathered from available online resources, including www.nfl.com and www.pro-footballreference.com, to identify predictors for return to play. 14, 15 These same online sources were used to determine the number of games played after each player's injury as well as any notable accolades received by each player. The NFL draft is an annual event whereby teams select eligible college players for their rosters. The order in which teams select players is determined by their performance in the previous NFL season. There are a total of 7 rounds to select players in the NFL draft. The round in which each player was selected in the draft was analyzed as a predictor for return to play. Each draft round was weighted by its number. Those players who were not drafted were assigned a maximum value of 8. All data were analyzed in a fashion similar to previous studies examining injuries in NFL players and return to play. 3, 19 Microsoft Excel (Redmond, Washington) was used for statistical analyses, using t tests for continuous data. The NFL injury database was used to verify questionnaire results and to ensure that all injuries were included in the study. This database is a descriptive, comprehensive record system that captures the details of any work-related injury sustained by any NFL player.
RESULTS
Questionnaire responses were received from 26 of 32 teams. Fourteen quadriceps tendon tears in 14 NFL players were identified from 1994 to 2004. All injuries were unilateral. Seven tears were right sided. Of the 14 injuries, there were 7 defensive linemen, 3 offensive linemen, 2 defensive linebackers, 1 wide receiver, and 1 quarterback ( Table 1) .
Eleven injuries occurred during the regular season during games or training. Three injuries occurred during the off-season: 1 during plyometric exercises and 2 during football-training activities. The mechanism of injury in 10 (77%) players was an eccentric overload of the flexed knee. Two players were injured by a direct blow to the thigh, and 1 rupture occurred by a knee hyperflexion mechanism. Information on the mechanism of injury was not available for 1 player. No other associated knee injuries were identified in any of the players.
Twelve of the 14 players had no history of ipsilateral knee pain. One player had a history of ipsilateral patellofemoral pain, and 1 had a history of ipsilateral distal quadriceps tendinitis 4 months before his quadriceps tendon rupture. One player suffered from contralateral distal quadriceps tendinitis the season before his injury. No player had a history of corticosteroid injections about the knee. No anabolic steroid use was reported in any of the players. Only 1 player had a documented history of a tendon injury, which included a contralateral triceps and patellar tendon rupture.
Initial physical examination demonstrated a palpable tendon defect in all 14 patients. Four players were able to maintain a straight-leg raise, 3 of whom had a partial tendon rupture. Magnetic resonance imaging (MRI) was performed for 12 of the 14 players ( Figure 1 ).
Intraoperatively, 3 ruptures were found to be partial, and 11 were complete. Intraoperative findings were consistent with MRI results. The location of the tendon rupture in complete tears was reported as being at the superior pole of the patella in 10 players and 5 cm proximal to the superior pole of the patella in 1 player. Of the players with partial tears, 1 had an isolated longitudinal tear of the vastus lateralis tendon at the patellar attachment site, 1 had an isolated tear of the vastus medialis obliquus tendon at the patellar attachment site, and 1 had a rupture of the central two thirds of the quadriceps tendon at the superior pole of the patella. All players underwent direct primary tendon repair. The surgical technique varied with respect to the number of transpatellar drill holes and type of suture used. No autograft or allograft tissue was used to augment any of the repairs. Two players with partial tendon tears had a side-to-side suture repair of the defect. One repair of a complete rupture used patellar suture anchors, while the remainder was performed with transosseous repair. Repair occurred at a median of 4 days after injury, with outliers being 2 players who underwent surgery the day after injury and 1 player undergoing surgery 28 days after injury. Only 1 player had a delay of more than 5 days until repair; this occurred 28 days after injury, after an unsatisfactory attempt at nonoperative treatment of a partial tear involving the vastus lateralis.
Postoperatively, 9 of 14 players were immobilized in full extension for a period of 1 to 8 weeks ( Table 2 ). The 3 players with partial tendon tears were permitted greater initial range of motion (1 at 0°-45°for 8 weeks, 1 at 0°-60°for 4 weeks, and 1 at 0°-90°for 3 weeks). One player with a complete rupture was permitted initial motion of 0°to 30°for 8 weeks. The average duration of brace use was 6.7 weeks, which included a period of progressive increases in range of motion. After the initial period of bracing, flexion was increased by approximately 5°to 10°per week, although some protocols permitted progressive motion as tolerated.
At the time of their most recent evaluation, 11 players were documented as being completely recovered from their injury, with full strength and absence of pain. Of these 11 players, only 7 returned to play in the NFL. The remaining 3 of 14 players in this study were noted to have incomplete recovery at their last evaluation in 2004 and were still participating in physical therapy. At that time, they ranged from 1 to 9 months postoperatively. One of these players missed a season and then went on to play in the Canadian Football League, where he is still active, and the other 2 players never returned to the NFL.
Only 50% (7/14) with a quadriceps tendon injury returned to play in regular-season NFL games. Of the 3 players with a partial tear, only 1 returned to play in regular-season games. Of the 11 players with complete ruptures, 6 returned to play ( Figure 2 ). The average number of games played before the injury in those who returned to play was 57.0 (range, 7-177). The average number of preinjury games played by those who did not return to play was 83.3 (range, 5-155). The difference in the number of preinjury games played between the 2 groups was not statistically significant (P = .46). The average number of games played after the injury was 40.9 (range, 12-92). None of those who returned to play in the NFL received any accolades (honors, awards, or invitations to play in select, nonseason football games). Before the injury, 1 player participated in 2 Pro Bowls and was also a First-Team All-Pro Player. Before the injury, a second player also participated in 2 Pro Bowls and was named NFL Associated Press Comeback Player of the Year for an unrelated injury.
The average age at the time of injury was 27.1 years (range, 21-34 years). The average age at the time of injury for players who returned to play in the NFL was 25.7 years (range 22-32 years), whereas the average age of those who did not return to play was 28.6 years (range, 21-34 years). There was no statistically significant difference between the ages of those who did and those who did not return to play (P = .23). Only 1 player, a quarterback with a partial tear, returned to play during the same season, 5 weeks after operative repair. The remaining 13 players missed the remainder of the season. All 14 players participated in the training camp of the following season. Seven players were released at the end of training and did not return to play in the NFL. One player was put on the ''Physically Unable to Perform'' list as a result of incomplete recovery at the end of the training camp in the season after his injury but returned to play the following season, more than a year and a half after his injury.
The average draft round for all 14 players was 4.6 6 3.0. Those who returned to play showed a trend toward an earlier draft status compared with those who did not return to play (draft round, 3.1 6 2.5 vs 6.0 6 2.9, respectively; P = .073). Of the 7 players who returned to play in the NFL, 5 of them were drafted in the first 3 rounds. Of the 7 players who did not return to play, 5 of them were drafted in the sixth round or later.
Only 1 player had documented postoperative complications, which included a stress fracture at the proximal pole of the patella at a suture anchor site, with migration of the anchor into the soft tissues. This patient underwent surgical removal of the displaced anchor and subsequently recovered and returned to play in the NFL. No quadriceps tendon retears, wound complications, or thromboembolic events occurred in any of the players.
DISCUSSION
Quadriceps tendon tears are uncommon injuries that most commonly occur from an eccentric contraction of the extensor mechanism. There are limited studies describing this injury in high-level athletes. To our knowledge, this is the largest series involving professional athletes. Over a 10-year period, only 14 such injuries were documented in the NFL, consistent with other studies showing a low frequency of this injury. 9, 20 This study supports eccentric overload of the extensor mechanism as the most common mechanism of injury, occurring in 77% of players. The second most common mechanism of injury was a direct blow to the thigh, which occurred in 20% of players.
The average age of the injured players in our study was 27 years, which is younger than the typical age (40 years) of patients with quadriceps tendon ruptures. This is consistent with a study by Kelly et al 9 involving a small case series of extensor mechanism ruptures in professional and amateur athletes in whom the average age was 28 years. This is not unexpected because professional football players are often younger as a result of their short career length, which averages 3.6 years. 3 Studies involving nonathletic patients have typically found this injury to occur in those over 40 years of age. 17, 20 An underlying tendon disorder is commonly found in this older age group, from underlying chronic illness or other factors. 10 In contrast, in athletic populations, a different process involving repetitive microtrauma is thought to occur in the quadriceps tendon, which can be subclinical and eventually lead to tendon ruptures. 9 Ipsilateral tendinopathy of the extensor mechanism may be found in patients who subsequently suffer a quadriceps tendon tear. 9 In our study, there was a low frequency of a pre-existing symptomatic knee injury before quadriceps tendon ruptures. Only 1 patient had a history of quadriceps tendinitis of the ipsilateral knee. This low rate of prodromal symptoms may reflect a lack of significant underlying tendon pathological abnormalities and systemic disease in this group of high-level athletes.
Age and preinjury experience did not significantly influence player outcome after quadriceps tendon repair. Rasul and Fischer 16 similarly found that age at the time of injury did not influence the outcome in 19 otherwise healthy patients. In our previous study on patellar tendon ruptures in NFL players, those who returned to play had participated in a significantly greater number of preinjury games than those who did not return to play. 3 Similarly, Shah et al 19 found that NFL players who had played significantly more games before suffering an anterior cruciate ligament (ACL) tear were more likely to return to preinjury competition after reconstruction. In the current study, those returning to play were an average of 3 years younger Brace set at 0°initially, with a gradual increase in flexion over an unspecified period 3
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Brace set from 0°-90°until week 3 and then brace discontinued and played 26 fewer games than those who did not return to play; however, this difference was not statistically significant in this small case series. Younger players who have participated in fewer games may have a greater capacity to recover from an injury and may have greater physical reserve compared with their older counterparts, who may be near the end of their NFL careers. Studies have shown a low rate of return to preinjury activity levels after a quadriceps tendon rupture. Konrath et al 10 found that 51% of patients were unable to return to their preinjury activity level. In this study, although 79% of players were described as recovering fully from their injury, only 50% of all injured players returned to play in regular-season NFL games. There was a trend for those who returned to play to be drafted in an earlier round than those who did not return to play (3.1 vs 6.0, respectively). This difference may be because of the greater skill and talent and perhaps superior physical condition and reserve in earlier round draft picks, possibly with an improved ability to overcome or compensate for injuries such as quadriceps tendon tears. Teams may also differentially allocate their resources for rehabilitation postoperatively, with more attention given to players who have more lucrative contracts, such as those selected in earlier draft rounds. Similar to the findings in this study, NFL players returning to play after repair of a patellar tendon rupture showed a trend of being drafted in an earlier round. 3 The results of previous studies regarding the timing of surgery are conflicting; however, many show better outcomes with early surgical repair of complete quadriceps tendon ruptures. [16] [17] [18] 20 A delay of treatment by as little as 7 days is associated with decreased patient satisfaction scores, extensor lag, decreased knee flexion, increased need for ambulatory aids, quadriceps muscle atrophy, and decreased quadriceps strength. 17, 20 Nonoperative treatment of partial tendon tears allows a successful return to competition in some high-level athletes. 21 Only 1 player in our study had a delay of surgical treatment, which limits any conclusions regarding the timing of surgery and player outcome. This player was a 21-year-old wide receiver, who failed an initial attempt at nonoperative treatment of a partial tear and subsequently underwent surgical repair 28 days after injury. Although he was reported to have recovered fully, he was released by his team after rehabilitation from the injury and never returned to play in the NFL.
A low rate of associated injuries is found with quadriceps tendon tears, which may be because of the noncontact, nonimpact mechanism typically causing this injury. McKinney et al 13 found a 9.6% rate of associated injuries in 31 adults suffering a quadriceps tendon rupture, all of which were from a low-energy, noncontact mechanism. These injuries included 1 patient with an ACL tear, 1 with a medial meniscus tear, and 1 with a lateral meniscus tear. There were no associated knee injuries that occurred in any of the players in this study in which the predominant mechanism of injury was noncontact involving eccentric contraction of the quadriceps.
There are several limitations of this case series. One is the small sample size, which leads to an underpowered study. Another is its inherent retrospective nature, which can lead to inaccuracies with information reporting. To minimize this effect and to ensure that all relevant injuries were included, the information from the questionnaires was cross-referenced with online resources as well as the NFL injury database. Another limitation is the variability of the surgical techniques and postoperative rehabilitation protocols used in this study. However, this is representative of current practice and is consistent with studies showing good outcomes despite such variability. 16, 17 Finally, this study lacks validated outcome measures for the players. However, we believe that return to play in the NFL serves as an objective measure of recovery and rehabilitation.
CONCLUSION
Quadriceps tendon injuries are uncommon in professional American football players. Eccentric overload of the extensor mechanism is the most common mechanism of injury in this group, which most often results in a complete tendon tear. Prodromal symptoms in these players are usually absent. Quadriceps tendon tears are usually season-ending injuries and may be career ending. Even with acute, primary surgical repair, only about half will return to competitive play. There is a trend toward early draft rounds for those who successfully return to play in NFL regularseason games.
